Effects of external osmolarity, calcium and prolactin on growth and differentiation of the epidermal cells of the cichlid teleost Sarotherodon mossambicus by Wendelaar Bonga, S.E. & Meis, S.
PDF hosted at the Radboud Repository of the Radboud University
Nijmegen
 
 
 
 
This full text is a publisher's version.
 
 
For additional information about this publication click this link.
http://hdl.handle.net/2066/16569
 
 
 
Please be advised that this information was generated on 2014-11-14 and may be subject to
change.
r „ r  p /1QQn ^  mam Cell and Tissue
Cell Tissue Res (1981) 221:109-123 R e S e B T C h
©  Springer-Verlag 1981
Effects of external osmolality, calcium and prolactin 
on growth and differentiation of the epidermal cells 
of the cichlid teleost Sarotherodon mossambicus
S.E. W endelaar Bonga and S. Meis
Department of Zoology, University of  Nijmegen, Nijmegen, The Netherlands<
Summary. Osmolality and concentrations of divalent ca t io n s -ca lc iu m , and to a 
lesser extent magnesium -  o f  the water are the main environmental factors that 
determine development and degree of  mucification o f  the skin epithelium of 
Sarotherodon mossambicus. Epithelial thickness and num ber o f  mucocytes in 
fish exposed to low (freshwater level) concentrations o f  calcium and magnesium 
are directly related to the height o f  the osmotic gradient between water and 
blood plasma. No such relationship is found in fish exposed to a high (seawater 
level) concentration of  calcium in the water, irrespective o f  the height o f  the 
osmotic gradient.
The results strongly indicate that the effects o f  osmolality and divalent 
cations are indirect, and mediated by prolactin, since administration o f  ovine or 
fish prolactin stimulates growth and multiplication of  the cells o f  the basal layer 
o f  the epidermis, and prom otes the differentiation o f  the mucocytes.
Key words: Teleost epidermis -  Environmental calcium -  Environmental 
osmolality -  Prolactin -  Mucus production
The teleost epidermis is a multilayered epithelium mainly consisting o f  filament- 
containing cells and generally covered by a layer o f  mucus. This layer is produced 
by mucous cells o f  the goblet cell type (mucocytes), which occur dispersed between 
the filament-containing cells, and, at least in some species, by superficially located 
filament-containing cells (W hitear 1970, 1977). The skin o f  fishes may serve various 
functions. The densely adhering filament-containing cells and the dermal layers 
reduce skin damage caused by mechanical influences, while the layer o f  mucus 
protects the fish against pathogenic organisms and  may reduce water resistance in 
fast swimming fish (Rosen and C ornford  1971). In addition, skin mucus may 
facilitate ion uptake by its ion-binding capacities (Kirschner 1977), while the 
epithelial layer may form a selective permeability barrier for water and ions (Evans 
1975).
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The importance of  the role o f  fish skin in osmoregulation is reflected by the 
marked changes in epidermal structure taking place in most euryhaline fish after 
migration or transfer from freshwater to seawater. In freshwater adapted  fish, the 
epithelium is well developed and usually contains m any mucocytes. In seawater 
adapted  fish, the epithelium is reduced in height and mucocytes are scarce (Mattheij 
and S troband 1971; W endelaar Bonga 1978). The num ber o f  mucus granules 
contained by the filament-containing cells may be higher in seawater fish than in 
freshwater fish (Marshall 1979; Schwerdtfeger 1979). The differences in skin 
structure and mucus secretion between freshwater and seawater fish have been 
mainly attributed to the difference in osmolality between freshwater and seawater. 
We have found evidence, however, that for sticklebacks the difference in the 
concentration of  divalent ions, especially the calcium concentration, may be the 
responsible factor (W endelaar Bonga 1978).
The aim of  this study on the cichlid Savotherodon mossambicus (Tilapia 
mossambica) was two-fold. Firstly, the effects o f  environmental osmolality and of 
the concentrations o f  calcium and magnesium ions on skin structure were studied. 
Secondly, it was investigated whether the effects o f  these environmental factors 
were mediated by the direct, or indirect, action of  prolactin. This horm one has 
integumental effects in all m ajor vertebrate groups (Nicoll and Bern 1971; Ensor 
1978; Nicoll 1980), and administra tion o f  m am m alian  prolactin leads to thickening 
of  the epidermis and proliferation of  the mucocytes in several species o f  fish 
(Mattheij and S troband 1971; Blum and Fiedler 1972; Schwerdtfeger 1979). 
However, in some other species, including S. mossambicus (Bowman 1966; cited by 
Bern 1967; Marshall 1976), no effect o f  ovine prolactin could be dem onstrated  on 
the skin.
Results obtained with m am m alian  prolactins in fish should be considered with 
care, however. There are significant differences in structure, molecular weight and 
immunological characteristics between m am m alian  and fish prolactins (Farm er et 
al. 1977). With this in mind, we have com pared the effects o f  ovine and fish 
prolactin on the skin of S. mossambicus.
Materials and methods
Sexually mature male S. mossambicus of  about 12cm in body length and approximately 20 g body 
weight were obtained from our own laboratory stock. The fish were kept in 100-liter aquaria at 25 C on 
a 12 h photoperiod. Fish were fed throughout the experiments with Tetramin tropical fish food and 
minced beef heart. They were kept in freshwater (composition in mmol/liter: N a + : 5.0; K+ : 0.06; 
C a 2+ : 0.8; M g2  ^: 0.2; Cl- : 4.2; SO4' ; 0.5) or. for at least two months prior to the experiments, seawater 
(Wimex artificial seasalt, 1,000 mosmol/liter).
Experiment I: Effect o f  ambient osmolality
Groups of freshwater fish were exposed for 2 8 days to freshwater (a) or to solutions of  NaCl in 
freshwater (b-e) of  the following osmolalities (in mosmol/liter); a. 16; b. 167; c, 330; d. 680; e, 980. At the 
start of  the experimental period, the NaCl concentrations o f  solutions b-e were daily increased, reaching 
their final concentration at day 6. Only in group e some fish died during the first weeks; in four identical 
experiments mortality ranged between 10 and 35%.
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Experiment 2: Effects o f  ambient calcium and magnesium in freshwater
Groups of  freshwater fish were exposed for 28 days to freshwater with the following CaCl2 
concentrations (mmol/liter): a, 0.08; b. 0.8; c, 2.5; d, 5.0; e, 10.2; or MgCl, concentrations (mmol/liter); 
f, 0.02; g. 0,2; h, 15.0; i, 35.0; j, 56.0.
Experiment 3: Effects o f  ambient calcium and magnesium in seawater
Groups o f  seawater fish were exposed for 28 days to: (a) Artificial seawater. Demineralized water 
containing (in mmol/liter): NaCl, 410,0; KC1, 9.7; CaCU, 10.2; MgCl2, 56.0; N a 2S 0 4, 28.2; N aH C O ,,  
2.3. This solution is similar to natural seawater as far as the concentrations of the main ions arc 
concerned, (b) Low-calcium, low-magnesium seawater. As under a, but with 0.8 mmol/liter CaCl2 and 
5.6 mmol/liter MgCl2. The fish were transferred to artificial seawater and the calcium and magnesium 
concentrations were decreased daily, until final concentrations were reached at day 6 of the experimental 
period.
Experiment 4: Effects o f  prolactin
(a) Fish prolactin. For continuous administration of  S. mossambicus prolactin, fish received a graft of 
prolactin cells from freshwater male donor fish, as described by Slijkhuis (1978). Before implantation, 
the rostral pars distalis was separated from the pituitary gland of the donor and the layer of ACTH cells 
was removed as much as possible. The resulting “prolactin lobes” were grafted in an incision in the dorsal 
musculature. Light and electron microscopical examination of grafted tissue, 3 or 10 days after 
implantation, never revealed any ACTH cells. The acceptor fish were fully adapted freshwater or 
seawater fish or fish adapted for 21 days to iso-osmotic saline (330 mosmol/liter).
(b) Ovine prolactin. A dose of 31 I .U ./mg(a  gift from N.I.H., Hormone Division, Bethesda, Maryland) 
was administered, continuously and at a constant rate of  0 .151.U./g body weight per day by 
implantation of a drug delivery device, Alzet Osmotic Minipump model 1701 (Alza, Palo Alto). Prolactin 
was dissolved in 0.3 ml NaOH (0.1 N) and diluted to 1.5 ml with 0.6% saline. Controls received a 
hormone-free pump. The pumps were implanted intraperitoneally, after anesthetization with Sandoz 
MS-222. Experimental fish were fully adapted to freshwater or seawater or to iso-osmotic saline 
(330 mosmol/liter) for 21 days.
Light microscopy
Parts of skin of  the lateral body wall in the anal region were dissected out and fixed for 24 h in Bouin’s 
fluid, dehydrated, and embedded in paraplast. Sections o f  7 jim were stained with Alcian Blue and 
Nuclear Fast Red. The density o f  the epidermal mucocytes was estimated by counting the numbers of 
cells in cross sections of  the skin epithelium with a total length of  150 mm per animal (about 30 sections, 
cut at distances of 20|im). The height of the epithelium was determined in the same sections 
(2 measurements per section). The data were statistically analysed by Student’s /-test (two-tailed at the 
5%  level).
Electron microscopy
Pieces of  skin from the scale-less region of  the lower jaw were dissected out and prefixed and fixed as 
described by Wendelaar Bonga and Van der Meij (1980). The tissues were block-stained for 1 h in 1 % 
uranyl acetate and embedded in Spurr’s resin. For light microscopic purposes 1 (.un-thick cross-sections 
were cut and stained with toluidine blue. For electron microscopy ultrathin sections were poststained 
with Reynolds’ lead citrate.
The skin of all experimental fish (6-10 per group) was examined under the light microscope. The skin 
of  fish of the following groups was studied with the electron microscope: Exp. 1, a, c, e; Exp. 2, a, b, e, f, 
h; Exp. 3: a, b; Exp. 4: a, b (3-5 fish per group).
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Results
General structure
The epidermis o f  S. mossambieus consists o f  three zones: a basal zone, comprising 
one or two cell layers connected with the basal lamina, an intermediate zone o f  threemJ
to five cell layers, and  an apical zone, consisting of  the two or three most 
superficially located layers.
The cytoplasm o f  the cells o f  the basal zone is rather electron dense. 
Endoplasmic reticulum is scarce and Golgi areas are not observed, while 
mitochondria  are num erous and mainly concentrated above the nucleus. The cells 
contain a network o f  microfilaments, terminating in numerous desmosomes that 
interconnect these cells. The cells o f  the intermediate zone are oval in shape with an 
irregular outline as a result o f  interdieitating cell processes, and many desmosomes. 
These cells are easily distinguishable from the basal cells, since their cytoplasm is 
less electron dense (Fig. 1). Also in this case a dense network o f  micro filaments 
passes through the cells. O ther cellular organelles are scarce, except for 
mitochondria , which are concentrated a round  the nuclei. Interspersed between 
these filament-containing cells some mucocytes are found. The mucocytes 
encountered in the intermediate zone usually contain a rounded, centrally located 
nucleus, extensive granular  endoplasmic reticulum, a large Golgi area, and some 
secretory granules o f  low electron densitv.
The lower layer o f  the apical zone consists o f  cells that are more flattened than 
those of  the intermediate zone, although the same ultrastructural characteristics are 
present. The upperm ost cell layers o f  the apical zone become more and more 
Rattened, and most o f  the cells at the surface o f  the skin show microridges (Fig. 1). 
Strands o f  granular endoplasmic reticulum, Golgi areas and electron transparent 
secretory granules, may be present. Some cells in the uppermost layers show signs of 
cellular degeneration. The cytoplasm is electron dense and the nuclei may be 
reduced to dark  elongated bodies or may even become indistinguishable, like the 
other cell organelles. Such cells apparently  disappear by desquam ation  from the cell 
surface and are replaced by underlying cells. The mucocytes present in the apical 
zone are large and contain accumulations o f  electron transparen t secretory 
granules ( Fig. 2). Under some conditions (see below) the filament containing cells of 
the apical zone show many small electron transparent secretory granules.
Fig. 1. Skin epithelium of  a freshwater fish (16 mosmol/1) showing a basal cell layer (be), several layers of 
filament-containing cells (Jc), and an apical layer of cells with condensed nuclei, transversely cut 
microridges (mr), and remnants of a mucocyte (me): ct connective tissue, x 2,800
Fig. 2. Apical cell layer o f  skin epithelium of  a freshwater fish showing a mature mucocyte. x 4.000
Fig. 3. Skin epithelium of fish from iso-osmotic saline (330 mosmol/1); the cells are flattened and the 
number of  cell layers is reduced in comparison with the skin of freshwater fish; cl connective tissue, 
x 3,100
Fig. 4. Upper part o f  the skin epithelium of a fish from hyperosmotic saline (980 mosmol/1) with large 
oval interdigitating filament containing cells (fc) and a mucocyte (me), x 3,690
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Fig. 5. Effects of  external osmolality and C a 2" concentration on epithelial height and number of 
mucocytes in the skin of  Sarotherodon mossambicus; a. fish adapted to freshwater containing NaCl; b. 
fish adapted to freshwater containing CaCl2. Means ±  S.D; n =  8
Experiment 1: Effect o f  ambient osmolality
The highest values for epithelial height and num ber of mucocytes are found in llsh 
from the most hypo-osmotic and most hyperosmotic media (Fig. 5a). Both values 
are minimal in fish from the 330 mosmol water, which is about iso-osmotic with the 
blood plasma (W endelaar Bonga and Van der Meij 1980).
Fish from  freshwater (16 mosmol / liter) . The epithelium consists o f  5 to 8 cell layers. 
The basal zone consists o f  a single layer o f  cuboidal cells. In the intermediate and 
apical zones the cells are oval to rounded in shape. In the apical zone the cells 
contain strands o f  granular endoplasmic reticulum and several Golgi areas, but 
secretory granules are scarce and even absent from many cells. In this zone many 
large mucocytes are present (Fig. 2).
Fish from  iso-osmotic saline (330 mosmol/liter). The epithelium consists o f  4 to 
6 layers. The cells are flattened, even in the basal and intermediate zones. G ranu la r  
endoplasmic reticulum and Golgi areas are hardly observed, and secretory granules 
are scarce in the apical zone (Fig. 3).
Fish from  hyperosmotic saline (980 m osm ol/liter). The epithelium consists o f  5 to 
8 cell layers and is structurally similar to that o f  freshwater fish (Fig. 4).
Experiment 2: Effect o f  ambient Ca2+ and M g1* in freshwater
Com pared  to fish from regular freshwater (C a2+: 0.8 mmol/liter) a reduction of 
ambient C a 2+ to 0.08 mmol/liter leads to a m arked increase in height o f  the skin 
epithelium and o f  the num ber o f  mucocytes (P <  0.001). An increase o f  ambient 
C a 24 leads to a considerable reduction for both parameters (Fig. 5b). The 
difference from the freshwater controls is significant for fish from water containing
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Fig. 6. Effects of external M g2+ and C a 2 f concentrations on epithelial height (right bars) and number of 
mucocytes (left bars) in the skin o f  Sarotherodon mosscimbicus; a, fish adapted to freshwater containing 
MgCl2; b, fish adapted to seawater (c; C a 2+: 10mmol/1; M g2+: 5 6 mmol/), or to low calcium and 
magnesium seawater ( —C a 2 + , — M g2+; C a 2+: 0 .8 mmol/1; M g2+: 5.6mmol/l). Means ±  S.D.; n =  8
5 mmol C a 2+/liter, or more (P <  0.01). Ultrastructural examination o f  the skin of 
fish adapted  to 10 mmol C a 2+/liter reveals that the epithelium consists o f  4 to 6 
layers o f  extremely flattened cells (Fig. 7). In the filament containing cells o f  the 
apical zone secretory granules are hardly found, and granular endoplasmic 
reticulum as well as Golgi areas are scarce.
A reduction o f  the M g2+ concentration in freshwater, from 0.2 to 0.02 
mmol/liter, does not influence the skin epithelium (Fig. 6a). An increase o f  M g 2 + 
concentration leads to a reduction o f  the epithelial height and of  the num ber of 
mucocytes, but the effect is less m arked than the one after C a 2+ administration. The 
difference in epithelial height from the freshwater controls is significant {P <  0.05) 
only at a concentration o f  56 mmol M g2+/liter. The ultrastructure o f  the skin offish 
adapted  to this concentration is similar to that o f  the high-calcium adapted  fish.
Experiment 3: Effects o f  Ca2+ and M g2+ in seawater
Epithelial thickness and num ber o f  mucocytes are low in seawater control fish 
(Figs. 6b, 8). U ltrastructura l examination reveals that the epithelium consists o f  4 
to 6 layers o f  cells that are flattened even in the basal and intermediate zones. In the 
apical cells, granular endoplasmic reticulum and Golgi areas are hardly found, 
although some secretory granules may be present (Fig. 9). Several cells o f  the layer 
bordering the skin surface show microridges, but most o f  them have a degenerated 
appearance.
Fish from  Ca2+ - and M g2 '-deficient seawater. I f C a 2+ and M g2  ^ concentrations are 
reduced to 10% o f  their normal concentrations in seawater, epithelial height and 
num ber o f  mucocytes are both significantly {P < 0.001) enhanced (Figs. 6b, 10). 
The num ber o f  epithelial cell layers has increased and varies from 5 to 10. The basal 
zone consists o f  one or two layers o f  cylindrical cells (Fig. 10). The cells o f  the
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intermediate zone are no longer flattened, as in fish from regular seawater, but 
rounded. In this zone differentiating mucocytes are frequently observed (Fig. 10). 
The apical cells often show large accumulations o f  secretory granules (Fig. 11).
Experiment 4: Administration o f  prolactin
Fish prolactin. Nine days after implantation o f  prolactin cells into freshwater fish, 
the epidermal height and num ber o f  mucocytes in these fish have increased 
significantly ( P < 0 . 0 1 )  when com pared to freshwater sham operated controls 
(Fig. 12a, d). The num ber o f  cell layers has increased from 5-8 in the controls to 6 -  
10 in the prolactin-treated fish. The cells o f  the basal zone have changed from 
cuboidal to cylindrical, and contain more mitochondria. In the intermediate and
J
apical zones the num ber o f  differentiating and m ature  mucocytes has increased 
markedly, but the num ber o f  secretory granules in the filament-containing cells is as 
low as in the controls. Im planta tion  o f  prolactin cells in fish from iso-osmotic saline 
leads to a 40%  increase in epithelial height and an almost four-fold rise in the 
num ber o f  mucocytes (P <  0.001; Fig. 12b.e), and in seawater fish to a two-fold 
increase in epithelial height and an almost ten-fold rise in the num ber o f  mucocytes 
(P <  0.001; Fig. 12c, I). Electron microscopical examination ol the skin epithelium 
of  both groups shows that the basal cells, the filament-containing cells and  the 
mucocytes are structurally similar and, therefore, reflect the same high activity as 
those o f  the prolactin-treated freshwater fish (Figs. 13, 14,15,16, 17). Filament- 
containing cells with secretory granules are only observed in the apical zone o f  the 
skin epithelium of the seawater llsh. The skin epithelia o f  the sham -operated  
controls o f  the three groups are qualitatively and quantitatively (Figs. 12, 13 and 
16) similar to those o f  the unoperated fish from freshwater, seawater and iso- 
osmotic saline examined in experiments 1 and 3.
Ovine prolactin. Adm inistration of  ovine prolactin to freshwater fish or fish from 
iso-osmotic saline or seawater has the same stimulating effect on epithelial height 
and mucocytes as implantation o f  prolactin cells ( Fig. 12 c. d). The skin epithelia o f  
the control fish receiving a hormone-free osmotic m inipum p are similar to those of 
unoperated control fish.
Fig. 7. Skin epithelium offish adapted to C a 2  ^-enriched freshwater (Ca2+: lOmmol/1), showing a low 
number of layers of  flattened cells, ct connective tissue, x 3.100
Fig. 8. Skin epithelium of fish adapted to seawater: he basal cell layer, ct connective tissue, x 3,100
Fig.9. Degenerating apical cell of skin epithelium of  seawater adapted llsh; nuclear chromatin is 
condensed, the cytoplasm shows high electron density, and microridges are scarce. Arrows secretory 
granules, x 5.450
Fig. 10. Skin epithelium of fish from seawater with reduced C a2~ and Mg2' levels. The number of  cell 
layers as well as cell size have increased (cf. Fig. 8): he basal cell layer, me mucocyte: el connective tissue.
x 3,300
Fig. 11. As Fig. 10: apical filament-containing cells with many electron transparent secretory granules, 
x 4.340
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Fig. 12. Effects of  administration for 9 days of  S. mossambicus prolactin (Pr-S: C-S: sham-operated 
controls) and ovine prolactin (Pr-o; c-o: solvent treated controls) on epithelial height (a, b, c; in j.im) and 
number of mucocytes per mm lenght in skin sections (d, e, f) of fish adapted to freshwater (a, d), iso- 
osmotic saline (b, e) or seawater (c, f); means +  S.D.; n =  7
Discussion
Environmental factors controlling epidermal structure
Two environmental factors are determining epidermal thickness and num ber of 
mucocytes o f  the skin o f  S. mossambicus: osmolality and concentration of  the 
divalent cations, calcium and to a lesser extent magnesium. At low concentrations 
o f  these ions, thickness and num ber o f  mucocytes are minimal if the external 
medium is iso-osmotic with the blood. Epidermal thickness and num ber o f
Fig. 13. Skin epithelium of sham-operated seawater fish; be basal cell layer, x 3,160
Fig. 14. Skin epithelium of seawater adapted fish with prolactin cell graft; the number of cell layers as 
well as cell size have increased; be basal cells, x 3 J0 0
Fig. 15. As Fig. 14; mucocyte. x4,100
Fig. 16. Skin epithelium of sham-operated fish from iso-osmotic saline (330 mosmol/1); be basal cells, 
x 3,600
Fig. 17. Skin epithelium offish from iso-osmotic saline with prolactin cell graft; the basal cells (be) are 
enlarged and contain many mitochondria (mil), x 3,600
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mucocytes are high in fish from hypo-osmotic as well as hyper-osmotic media. 
Thus, it is not the total osmolality, but the osmotic gradient between external and 
internal medium that determines the development o f  filament-containing cells and 
mucocytes, at least at low calcium and magnesium levels.
At a calcium concentration o f  10 mmol/liter, the concentration found in 
seawater, skin thickness and numbers o f  mucocytes are low, irrespective o f  the 
external osmolality. Magnesium ions have a similar influence on the skin 
epithelium as calcium ions, but the effect becomes noticeable only a very high 
concentrations. The reduction observed in epithelial thickness and  num ber of 
mucocytes after adap ta t ion  to 56 mmol M g 2+/liter (the M g2~ concentration of 
seawater) is similar to that found after adap ta t ion  to 2.5 mmol C a 2+/liter. Thus, the 
great height of the epithelium and the abundance  o f  mucocytes in the skin of 
freshwater fish is due to the combination o f  the high osmotic gradient between 
external and internal medium, and the low calcium and magnesium levels in 
freshwater. The thin epithelium, almost devoid o f  mucocytes, and characteristic for 
the seawater fish, must therefore be attr ibuted to the high calcium and magnesium 
levels in seawater.
In an earlier study on sticklebacks (W endelaar Bonga 1978) it was concluded 
that external calcium and magnesium were the only external factors controlling 
epidermal structure, and it was noted that epidemial thickness and num ber of 
mucocytes in fish from freshwater were similar to those in fish from a hyperosmotic 
saline solution. O ur unpublished observations on sticklebacks have shown 
however, that the epidermis in this species reacts in the same way to the height o f  the 
osmotic gradient between external and internal medium as the epidermis of S. 
mosscunbicus.
The filament-containing cells o f  the outermost layers o f  the skin epithelium in S. 
mossambicus show some secretory activity and are likely to produce a mucus-like 
substance. This phenom enon is well known from several fish species (W hitear 
1977). In other species, like salmonids (Hawkes 1974; Harris and H unt 1975), 
secretory phenom ena have not been observed in these cells. From our results we 
tentatively conclude that the secretory activity in the apical filament containing cells 
runs parallel to the height and development o f  the skin epithelium and of  the 
num ber o f  skin mucocytes.
Prolactin and epidermal structure
The effects o f  osmolality, calcium and magnesium on the skin are likely hormone- 
mediated. Administration of  ovine or fish prolactin results in a m arked increase in 
epithelial thickness and num ber o f  mucocytes for all groups of  recipient fish, 
whether they be adapted  to freshwater, iso-osmotic saline, or seawater. Thus, in the 
presence of  high prolactin levels in the blood ciruclation, the effects o f  external 
calcium, magnesium and osmolality are no longer noticeable. Prolactin apparently  
stimulates growth and division rate o f  the basal cells o f  the skin epithelium, and 
promotes the differentiation of  these cells into mucocytes.
The conclusion that the effects o f  these environmental factors are mediated by 
prolactin is in line with our former results on the effect o f  these factors on prolactin 
secretion in S. mossambicus (W endelaar Bonga and Van der Meij 1980, 1981).
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Prolactin cell activity, as established by m orphom etrical techniques a t  the electron 
microscope level, prove to be directly related to the height o f  the osmotic gradient 
between external and internal medium, at least a t  low calcium and magnesium 
concentrations. High calcium and magnesium concentrations have and inhibitory 
effect on prolactin cell activity. Thus, the rate o f  prolactin secretion in S. 
mossambicus is apparently  directly related to epithelial height and num ber of 
mucocytes o f  the skin.
Some fish from the group adapted  to hyperosmotic saline died during the 
experimental period. In these fish not only are the epithelial height and number of 
mucocytes as low as those found in fish from iso-osmotic saline, but also the 
prolactin cells do not show the signs o f  active secretion normally found in fish from 
hyperosmotic saline.
A stimulating action o f  fish prolactin on epidemial mucocytes has been 
suggested before. The decrease in numbers o f  mucocytes (Stanley and O'Connell 
1974) and mucus secretion (Olivereau and Lemoine 1971) that occurs in 
hypophysectomized m udm innow  and eel is prevented when the pituitary gland is 
au to transplanted . T ransp lan ta t ion  o f  whole pituitary glands implies that not only 
prolactin blood levels, but also the blood levels of other hormones may be elevated. 
O ur grafts contained prolactin cells only, as was confirmed by light and electron 
microscopical examination.
A stimulatory effect o f  m am m alian  prolactins on the thickness o f  the skin 
epithelium and the num ber o f  mucocytes in fish has been described for several other 
fish species (Bliim 1966; BLüm et al. 1972; bliim and Fiedler 1972; Mattheij and 
S troband  1971; Schwerdtfeger 1979). In Anguilla anguilla ovine prolactin 
stimulates the low rate o f  mucus secretion of hypophysectomized fish (Olivereau 
and Lemoine 1971). Benjamin (1980) found a positive relationship between the 
thickness o f  the integument, the num ber o f  epidemial mucocytes, and the numbers 
o f  prolactin cells in the pituitary gland o f  Fungitius pungitius. However, in Poecilia 
lalipinna (Ball 1969) and Leptocottus annatus  (Marshall 1976, 1979) the mucocytes 
o f  the skin are not affected by hypophysectomy or ovine prolactin. For  S. 
mossambicus it has also been reported that neither administration o f  ovine 
prolactin nor hypophysectomy affects the num ber o f  mucocytes in the skin. The 
reason for this discrepancy with our results is unknown. We did not observe a 
notable effect o f  prolactin adm inistra tion on the secretory activity o f  the filament- 
containing cells. In Leptocottus annatus  the secretion of  mucus by the filament- 
containing cells is stimulated by injection o f  ovine prolactin as well as cortisol and 
ovine growth horm one (Marshall 1979).
The effects o f  m am m alian  prolactins on fish should be interpreted with care. 
There are differences in structure, molecular weight and immunological characteris­
tics between ovine prolactin and prolactin isolated from 5. mossambicus (Farm er et 
al. 1977; Clark and Bern 1978). Moreover, m am m alian prolactin preparations used 
in many studies may have been contam inated  with vaso-active substances 
(H orrobin  1980). These substances may account for some o f  the osmoregulatory 
effects observed after injection o f  ovine preparations in mammals. Nevertheless, it 
has been shown that ovine prolactin affects sodium metabolism in S. mossambicus 
in a similar way as purified S. mossambicus prolactin ( Farm er et al. 1977), although 
the potency o f  ovine prolactin appeared to be much lower than the fish preparation.
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The present study gives evidence that ovine prolactin administered at relatively high 
doses has the same proliferating action on the filament containing cells and the 
mucocytes o f  the skin o f  5. mossambicus as homologous prolactin from cell grafts. 
Grafted prolactin cells normally show a high secretory activity, as has been 
concluded from light and electron microscopical examination in several fish species 
(Olivereau and Ball 1966; N agaham a et al. 1974; Leatherland and Lin 1976; Kah et 
al. 1979). Thus, the effects observed in our and other studies on fish skin after 
administration o f  ovine prolactin preparations are unlikely to be due to the 
impurities in these preparations.
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